 3.6N , 2.8N , 2N , 1.2N , and 0.4N of peak 
I. INTRODUCTION C ONTROL of peak envelope power (PEP) is one of allimportant issues in an OFDM communication system. A convenient approach to PEP reduction in OFDM transmission is to use codes constructed from Golay complementary sequences (GCSs) [1] . Recently, the construction of GCSs over the quadrature amplitude modulation (QAM) constellation has received increased attention, as QAM symbols are widely employed in high rate OFDM transmissions [2] . Majority of existing constructions of QAM GCSs is based the quaternary GCSs [3] [4] [5] [6] [7] [8] [9] , to the author's best knowledge, only one comes from the binary GCSs [10] .
There exist some QAM systems whose inputs only are binary signals (for example, see [11] ), therefore, it is natural to look for QAM GCSs based on binary constellation. In this letter, based on the known construction in [10] , a sufficient condition producing 16-QAM GCSs from binary GCSs is derived, and the PEP upper bounds of the resultant sequences are determined. The proposed offsets in this letter are more than the ones in [3] from quaternary signals. Finally, the author in this letter would like to acknowledge that this letter's idea is inspired by Chong et al. ' s method in [3] . 
the sequences u and v are referred to as the GCSs, and each of them is called a Golay sequence.
A. Standard Binary GDJ CSs
Let Z 2 denote the set {0,1}. A generalized binary Boolean function (GBF) f (x) is a mapping from Z m 2 to Z 2 , where
m , where
clusions on the standard binary GDJ CSs are briefly stated below.
where c, c , c Lemma 3 [1] : Let τ and i be two non-negative integers
and the integer pairs (i, i + τ ) and (i , i + τ ) are 1-1 corresponding. Lemma 3 comes from the derivation of Case 2 in Theorem 3 in [1] . For more detailed explanations of Lemma 3, the reader is recommended to see Case 1 in Theorem 4 in [3] .
B. Transformations From Binary Variables to QAM Symbols
It is not difficult for the reader to check by hand that the following mapping:
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exactly produces 16-QAM constellation when the binary variables a i 's (1 ≤ i ≤ 4) independently range over the range from 0 to 1, respectively, where j = √ −1.
III. CONSTRUCTION OF 16-QAM GCSS
[10] investigated 16-QAM GCSs from binary constellation in 2010. Regretfully, the PEPs of the proposed sequences were not discussed. In addition, due to the fact that [10] employed computer exhausted searching to obtain the coefficients of offsets, the resulting results are so unorderly that it is fairly difficult to classify them, which may be the reason why [10] did not discuss their PEPs, the author in this letter guesses. Different from [10] , this letter establishes a sufficient condition producing such sequences from binary signals, therefore, we succeed in classifying these sequences and in giving their PEP upper bounds. The aforementioned drawbacks in [10] are remedied.
where
where the offsets s (r) (x)'s (0 ≤ r ≤ 3) and the pairing differ-
If the coefficients of the offsets satisfy
the resultant 16-QAM sequences A and B form the 16-QAM GCSs.
Proof: According to the definition of aperiodic autocorrelation function(AACF) and (6), for ∀τ > 0 the AACF of the sequence A is calculated by
With the same argumentation, we have
In accordance with Lemma 1, the sequences a (r) (1, 2), (1, 3) ).
holds.
For ease of presentation, we write the left-hand sides of (11a) and (11b) as Lhs1(τ ) and Lhs2(τ ), respectively. According to (5), Lhs1(τ ) is equivalent to
With the same argumentation, Lhs2(τ ) is reduced to
Since Lhs1(τ ) = 0 and Lhs2(τ ) = 0 whenever μ i = μ i+τ , we only need to consider μ i = μ i+τ . In this case, 1 + (−1) μ i +μ i+τ = 2. Now, we pause to discuss the properties of the offsets in (7). For given τ > 0 and arbitrary integer i satisfying μ i = μ i+τ , there is an unique integer i from Lemma 3. Thus, according to Lemma 3 and (7), we need to investigate two cases: w ≥ v and w ≤ v − 1.
Case 1: w ≥ v. For 0 ≤ r ≤ 3, according to (3d) and (3e) we have
Case 2: w≤v−1. For 0≤r≤3, according to (3b) and (3c) we have
Further, for 0 ≤ r, h ≤ 3 we obtain
Next, we continue to march to our goal. For given τ > 0, apparently, if w ≥ v, in accordance with (14), in (12) and (13) we have
Notice that we have (3f) in Lemma 3. Thus, the integers i and i contribute zero to Lhs1(τ ) due to (17a), and so are they to Lhs2(τ ) due to (17b).
If w ≤ v − 1, when the condition
holds, from (16) the offsets satisfy
which means that (17a) holds. Hence, the integers i and i contribute zero to Lhs1(τ ) as well. Similarly, when the condition
holds, where (t, k) = (0, 2), (0, 3), (1, 2) , and (1, 3), from (16) the offsets satisfy
which implies that (17b) holds. As a consequence, the integers i and i contribute zero to Lhs2(τ ) as well.
The above discussions suggest us a fact that (11) always holds no matter μ i = μ i+τ or not, if both (18) and (20) hold. Summarizing the above, we come to the conclusion that for 1 ≤ w, w + 1 ≤ m, a sufficient condition to guarantee that the resultant sequences A and B form the 16-QAM GCSs is
Now, we simplify (22). Apparently, the addition of (22a) and (22c) gives rise to (22e), the combination of (22a) and (22d) produces (22f) and (22b) comes from (22c) and (22d). Hence, the equation system (22) is equivalent to (8) .
Thus, we complete our derivation. It is not difficult to find all the solutions of (8) It should be noted that four solutions with underlines result in overlapping the offsets. For example, the offsets from 00000101 and 00001010 are
and
respectively. Apparently, when the variable w in the former ranges the range from 1 to m − 1, and the variable w in the latter takes on each value over the range from 2 to m, the same offsets appear. All distinct solutions are listed in Table I . Notice that the coefficients d r0 's (0 ≤ r ≤ 3) are pairwise independent. Hence, the total number of the solution of all the coefficients in (7) is 30 × 16 = 480. Remark: Our construction is the same as the one in Case VI in [10] . Depending on computer exhausted searching, however, [10] claimed that 736 solutions on the coefficients of offsets in (7) were found, only ten of which were listed in [10] due to space limitation. Moreover, [10] did not discuss the overlapping offsets. Hence, the author believes in that in [10] , lots of solutions yield the overlapping offsets. [3] IV. PEP UPPER BOUNDS OF NEW GCSS According to (6) and (7) and all the solutions, Table I gives the PEP upper bounds of the resultant 16-QAM GCSs. Due to space limitation, we only give an example to help the reader understand. Consider Case 2 in Table I . As in [3] , we need to guarantee that the 16-QAM constellation has unit average energy, in other words, we need to set 
which results in 
which means that the PEP upper bound of the sequence A arrives at 2.8N . Incidentally, the computer simulation shows that every upper bound in Table I is attainable. Table II compares with the numbers of the offsets from this letter and [3] , which suggests that our offsets are more than the ones in [3] when m ≥ 2.
V. CONCLUSION
For satisfying the requirements of some QAM systems based on binary input signals, this letter designs a scheme converting binary GCSs into 16-QAM GCSs, and the PEP upper bounds of the proposed sequences are determined as well. Next, we will generalize our method to 64-QAM and higher-order QAM constellations (submitted to the IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences).
